Objectives: Research suggests that an 8-week Mindfulness-Based Stress Reduction (MBSR) program (a structured form of meditation) might be effective in the treatment of various health problems including chronic pain. Our objective was to compare the clinical effectiveness of the MBSR program with a multidisciplinary pain intervention (MPI) program in terms of pain intensity, pain-related distress, quality of life, and mood in patients with chronic pain.
C hronic pain is a common health problem and is a frequent cause of disability and suffering. [1] [2] [3] [4] It is also a condition associated with significant health-care costs. 5, 6 Although psychological interventions are established alternatives to traditional medical approaches, 7, 8 it is increasingly recognized that a significant proportion of individuals with chronic pain do not benefit from these traditional or psychological interventions. 9 Research suggests that fear of pain and pain-related anxiety may account for significant disability, suffering, and health-care utilization in patients with chronic pain [10] [11] [12] and that such patients may benefit from treatments that allow them to respond to their pain more neutrally, with less fear and avoidance. 9 Reitsma and Meijler 13 suggest that a cognitive shift, entailing psychological acceptance of the concept of "functioning regardless of pain," was a positive prognostic indicator of treatment outcome. A number of approaches that incorporate both acceptance and mindfulness therapy have been developed. 14, 15 Hayes et al 16 developed Acceptance and Commitment Therapy (ACT) during the 1990s. It includes acceptance and mindfulness strategies, and commitment and behavioral change strategies, to improve functioning in people with a wide range of behavioral problems. Recent evidence from clinical trials, 17, 18 review, 14 and meta-analysis 19 showed that ACT may be effective for a variety of psychologically-related problems including the treatment of chronic pain.
In addition to ACT, a mindfulness-based stress reduction (MBSR) program has also been suggested as another alternative therapy in the management of pain. 20 MBSR is a clinical program, originally developed to increase self-acceptance, coping, and reduction of suffering in patients with complex medical illnesses by providing systematic training in mindfulness meditation as a selfregulatory approach to stress reduction and emotion management. 21 The MBSR program uses stress-reduction skills that include sitting and walking meditation, yoga, and a somatically-focused technique called the body scan. that include eating disorders, 23 fibromyalgia, 24 psoriasis 25 and anxiety disorders, 26, 27 mood symptoms in cancer patients, 28, 29 and the prevention of relapse of depression. 30, 31 Early studies of the effectiveness of MBSR in the treatment of chronic pain 21, 31, 32 used a preintervention and postintervention design without the use of randomization of interventions. Recently, a small number of randomized, controlled, and comparative trials have been conducted to evaluate the feasibility and effectiveness of MBSR on chronic pain, [33] [34] [35] [36] but there continues to be a lack of comparative studies with adequate sample size to conclusively show the effectiveness of MBSR in the treatment of pain.
Using a validated Chinese versions of standard outcome measures, we set out to conduct a randomized, clinical trial to evaluate the effectiveness of the MBSR program as compared with a multidisciplinary pain intervention (MPI) strategy, both of which were designed to improve perception of pain, quality-of-life and mood symptoms, and disability in patients with chronic pain.
MATERIALS AND METHODS

Study Participants
The recruitment and intervention phase of this study took place between January and March 2006, with followup to November of that year. Participants were recruited between January and February 2006 from the Hong Kong's primary care, geriatric, and pain clinics situated in both the community, and the hospitals which most chronic pain patients had been found to attend. 5 Posters were put up in these clinics with instructions for interested individuals to contact our research assistant for more information on eligibility and enrollment in the study. A trained research assistant initially determined eligibility according to a predefined set of inclusion and exclusion criteria, and provided detailed information on the study to potential participants. Those initially screened as eligible for participation attended an interview with a health-care professional (S.Y.W.) to confirm his or her eligibility. After the interview, the health-care professional (S.Y.W.) explained the study in further details to the eligible participants and allowed time for further explanation of the study when requested.
Eligibility of an interested individual was determined by the following inclusion criteria: 1. Age between 18 and 65 years 2. The presence of chronic pain, which had persisted for at least 3 months at the moderate-to-severe level [ie, at least 4 of 10 on an 11-point Numerical Rating Scale (NRS) 37 pain score] 3. Agreement by the participant not to receive other new treatments during the intervention, including the use of new medication, topical treatment, medication or other over-the-counter medication, or other nonpharmacological treatment 4. Ability to give a written consent.
Volunteers were not admitted to the study if any of the following exclusion criteria were present: 1. Receiving concurrent treatment with therapies other than medications for pain or psychological symptoms 2. Having a known, concurrent doctor-diagnosed DSM-IV Axis I disorder 3. Having previously participated in an MBSR program 4. Having been engaged, currently or previously, in the practice of meditation or relaxation techniques, including an MBSR program 5. Those who were illiterate, as they would not be able to complete the meditation diary.
All participants gave a written consent and the study was performed according to the international Good Clinical Practice Guideline. 38 All interventions were provided free of charge and there was no financial incentive for participating in the trials.
MBSR Group
The MBSR intervention was led by S.H. Ma, a clinical psychologist with >5 years' experience in teaching the MBSR program in various locations in Hong Kong. She has completed both the Teacher Development Intensive Training and an intensive professional training program in MBSR, which was conducted by the originators of the program. 21 Our program followed the same format and content as those performed and evaluated previously in other MBSR trials and comprised 8 weekly group sessions, each of 2 1 =2 hours, with a 7-hour "retreat" session. Instructive, inductive, and experiential modes of learning were used to carry out the intervention and to convey the information content. 31 There were 3 primary elements: 1. Theoretical material related to mindfulness, relaxation, meditation, yoga, and the body-mind connection 2. Experiential practice of meditation and yoga, both during the group meetings and at home, and 3. Group activities that focused on removing impediments to effective practice, practical day-to-day applications of mindfulness, and supportive intervention between group members. Participants were given a booklet on the MBSR program and CDs that guided them through the mindfulness meditation exercises, which they were instructed to practice daily.
MPI Group
The MPI group was led by an experienced nurse and served as an active control intervention. The MPI program included a set of educational instructions on management of chronic pain, based on a popular self-help book, "Managing Pain Before It Manages You." 39, 40 The aims of the MPI group were to act as a control for therapists' attention and contact time, and for any unmeasured effects of taking part in a group intervention. To avoid overlap between what is taught in the MPI and the MBSR, any information in the self-help book concerning mind-body connection and cognitive techniques introduced were not taught to the MPI group.
Participants in this group met with a nurse coordinator with >five years of clinical psychiatric experience for 8, weekly, 2 1 = 2 -hour group sessions. These sessions took the form of instructional lectures on basic understanding of chronic pain, factors that increase or decrease chronic pain, and effective ways for participants to signal their chronic pain to others. One session was conducted by a registered physiotherapist with >5 years of physiotherapy clinical experience in instruction on exercises for chronic pain. Another session was conducted by a registered dietician with >5 years of dietetic clinical experience to advise on healthy diet and weight control.
These participants were given a CD of classical music and were instructed to listen to the CD daily. As for the MBSR participants, they also participated in a 7-hour group "retreat." All therapists who were involved in the MPI group were instructed not to include any mindfulness meditation techniques in their sessions.
A statistician, who was not involved in any part of the study, independently randomized participants by using a predetermined random table generated by Microsoft Excel 2002. These numbers were not decoded until the intervention group was assigned. The majority of the participants were female; due to the low number of male participants, randomization was stratified for sex.
The allocation was concealed from the researchers who carried out the baseline assessment or recorded the data, and from the statistician who carried out the analysis. The allocation was unknown to the participants until the first appointment.
We asked the participants, without referring to the pretreatment assessment, to assess posttreatment pain ratings by completing questionnaires that were sent to them after treatment. The research assistant responsible for the postal questionnaires was also unaware of the treatment allocation. Nonresponders were initially reminded by post followed, where necessary, by telephone calls from the research assistant.
Objectives and Outcome measures
The purpose of the study was to compare the effectiveness of the MBSR program with the MPI program in terms of pain ratings (pain intensity and pain-related distress) for individuals with chronic pain.
Outcome measures were collected at baseline, at 8 weeks (immediately after intervention), and 3 months and 6 months after intervention. Our primary outcomes were selfreported pain intensity and pain-related distress, measured by two 11-point NRS, with one measuring pain intensity and the other measuring pain-related distress. 41 Participants reported the pain intensity and pain-related distress on 2 lines that were marked with whole numbers from 0 to 10, where 0 signifies "no pain/distress" and 10 "pain/distress as bad as it could be." The scales have been demonstrated to be a reliable and sensitive measure of these perceptions. 37 Our secondary outcome measures were mood status and symptoms, assessed using the validated Chinese version of Profile of Mood States (POMS). 42, 43 The POMS consisted of 65 adjective rating scales measuring depression, anger, fatigue, vigor, tension, confusion, and total mood disturbance. Higher scores in each POMS subscale indicate more depressive symptoms, angrier mood, greater mental or physical exhaustion, more vigor, more tension or stress, more confusion, and greater mood disturbance.
Depressive symptoms were measured by the validated Chinese version of the Centre for Epidemiological StudiesDepression Scale (CES-D). 44 A higher CES-D score means the patients is feeling more depressed.
Symptoms of anxiety were measured using the validated Chinese-version State-Trait Anxiety Inventory (STAI). 45 State-anxiety reflects a transitory emotional state, whereas trait-anxiety is a general tendency towards anxiety caused by perceived threats. Higher STAI scores indicate more intense stateanxiety and traitanxiety.
Health-related quality of life was measured by the validated Chinese-version Medical Outcomes Study ShortForm Health Survey (SF-12), 46 which consists of physical and mental components, with higher scores indicating better health.
Sick leave was factored into the study by asking participants to recall the number of sick leave days taken over the past 12 months at baseline before the intervention. In addition, they were asked to report their sick leave days during the 8-week intervention, immediately postintervention, and at 3 months and 6 months after intervention. The frequency and duration of practice of both the MBSR and MPI in each group was recorded on a Weekly Meditation Form that was collected each week during class and 6 months after intervention.
Statistical Analyses
We tested the hypothesis that the MBSR program would reduce both pain intensity and pain-related distress and improve the quality of life in individuals with chronic pain. We also hypothesized that the improvement would be long term and could last for a period of 6 months after intervention.
We used an independent sample t test to compare differences in continuous variables between the 2 groups and the w 2 test to compare differences in categorical variables between the 2 groups. A Mann-Whitney U test was performed where data were not normally distributed. These analyses were performed using SPSS software, version 13.0 (SPSS Inc., Chicago, IL).
To investigate differences in changes in outcome measures between the 2 groups and within each group, we used multilevel modeling analyses that took into account the dependency 47 of repeated observations for each participant. Outcome variables that were of interest (pain intensity, pain-related distress, SF-12, POMS, STAI, CES-D, and sick leave days due to pain) were separately modeled against time, along with the interactions between time and the groups. These longitudinal multilevel analyses were carried out using MLwiN computer software, version 2.10 beta10 (Centre for Multilevel Modelling, University of Bristol, UK).
Analysis was performed following the intention-totreat principle. We analyzed patients with complete data at all time points and, for those with missing data, the last known value was carried forward to replace the missing values. All tests were 2-sided with a significant level of 5%. A separate analysis was conducted per protocol (without following the intention-to-treat principle) in only those who attended at least 5 sessions (each of 2 1 =2 h) to see if results from this separate analysis differed from those analyzed following the intention-to-treat principle.
Sample Size Determination
Sample size planning was determined, using pain intensity as the primary outcome measure. According to the study of LeFort et al, 48 the mean difference in pain problem severity (in the range 0 to 100) was 11.69 [standard deviation (SD)=18.51] and 1.80 (SD=17.41) in the treatment and control groups respectively. To detect a difference of 9.89 with a pooled SD of 17.97 based on LeFort's study, we estimated that approximately 50 participants in each group would be required for a 2-sample t test with a 5% 2-sided significance level and 80% statistical power. Figure 1 shows a flow diagram of recruitment for this study. Recruitment was stopped once the planned 100 participants were enrolled. The 100 enrolled participants were randomly divided into 2 treatment groups: 51 in the MBSR group and 49 in the MPI group. A total of 80 participants completed all 4 questionnaires at baseline, immediately postintervention (evaluation occurred immediately after completion of the intervention) and at 3 months and 6 months after intervention. One participant in the MPI group dropped out after 1 session; she claimed that she had no time to continue the program. The drop-out participant did not return any of the 4 questionnaires, resulting in only 99 participants being included in our analysis.
RESULTS
Demographical Characteristics
The baseline characteristics of the 99 participants with chronic pain were summarized in Table 1 . There were no statistically significant differences between the 2 groups in baseline characteristics that included demographics, the 11-point NRS pain score, the 11-point pain-related distress score, quality-of-life, mood symptoms, and pain-related characteristics. The information on the use of pain analgesics is presented in Table 2 . JSick leaves reported by employed and self-employed participants were included. zTotal of 10 sessions consists of 8 weekly 2.5-hour sessions and retreat (2.5 h in the morning and afternoon respectively). #Expected pain level after intervention is an 11-point scale of postintervention pain level that participants expected at baseline. Questions were asked before the start of the first session after they were randomly assigned to 1 of the 2 groups.
Attrition and Practice of the Intervention
MBSR indicates Mindfulness-based Stress Reduction; MPI, Multidisciplinary Pain Intervention.
In addition, participants in the MPI group attended on average 1.28 (standard error=0.55) more sessions (t, À 2.351; P=0.021) than the MBSR group. Six months after intervention, 84 questionnaires were returned: 26 of 40 (65%) of participants in MBSR and 31 of 44 (71%) in the MPI group claimed that they were still practicing meditation or prescribed exercise. Overall, MBSR participants practiced meditation 3.6 (SD=2.02) times per week, whereas participants in the MPI group practiced prescribed exercises 3.9 (SD=2.18) times per week. The difference in practicing time of the 2 groups was not statistically significant (t, À0.51, P=0.609).
At baseline, participants expected that the pain intensity would be reduced by 4.14 units (SD=1.78 units) on average after intervention. Mean expectation of the 2 groups was -4.15 units (SD=1.71 units) and À4.14 units (SD=1.86 units) for MBSR and MPI participants respectively.
Pain and Medical History
Approximately half (49 of 99) of the participants had chronic pain for >5 years and one third (33 of 99) of the participants for >10 years. The majority of the participants listed back pain (85 of 99) and joint pain (83 of 99) as the most irritating type of pain that they experienced.
Participants' reported use of analgesics is shown in Table 2 . Acetaminophen was the most commonly used pain-relief medication, with 65% of the participants stating that they had used it. The 2 groups did not differ in the use of analgesics. Approximately 70% of participants in both groups had no chronic diseases and about 47% of participants in each group reported no medical diagnosis or condition that caused their pain. Table 3 shows the results of both within-group and between-group differences, following multilevel analysis. The pain intensity and pain-related distress of both MBSR and MPI groups improved significantly from baseline. For the MBSR group, pain intensity measured by 11-point NRS reduced by 0.57 units and pain-related distress reduced by 0.37 units. For the MPI group, pain intensity reduced by 0.61 units and pain-related distress reduced by 1.08 units. Figures 2A and B show the change in pain intensity and pain-related distress over the study period in both intervention groups respectively. Figure 2C shows the within-group POMS vigoractivity component score plotted against time. Immediately after intervention, the mean POMS vigor-activity scores of MBSR group increased by 0.88 units, whereas the scores of the MPI group decreased by 0.93 units.
Within-group Differences in Primary and Secondary Outcome Measures
The mean SF-12 physical component (PCS12) immediately after the 8-week intervention of both MBSR and MPI did not significantly differ from baseline. However, there were statistically significant increases in the PCS12 within both the MBSR and MPI groups at 3-month (Wald statistic=4.62, P=0.032) and 6-month (Wald statistic=10.503, P=0.001) postintervention, when compared with the scores at baseline. Other analyses of within-group effects-including scores on POMS, depression measured using CES-D, anxiety measured using the STAI, and the number of sick leaves taken in the past 3-months-did not show significant improvements.
"Between Group" Differences in Outcomes Measures by Multilevel Modeling Analysis
Baseline pain intensity and pain-related distress did not differ between MBSR and MPI groups. The mean pain intensity scores were 6.55 (SD=1.50) and 6.76 (SD=1.26) for MBSR and MPI respectively, whereas the mean pain-related distress scores were 6.49 (SD=2.11) and 6.58 (SD= 2.23). Table 3 shows the "between-group," and the "withingroup" differences in outcome measures immediately after intervention. There was no statistically significant difference in pain intensity between the 2 groups. In contrast, there was a statistically significant difference between the 2 groups in pain-related distress (Wald statistic=3.98; P=0.046) with participants in the MPI group having more reduction of pain-related distress (a difference of 0.71 units; standard error=0.356 in the MPI group).
There were also statistically significant "betweengroup" differences in the POMS vigor-activity component score immediately postintervention (Wald statistic=4.05, P=0.044), although there was no statistically significant "between-group" differences in these outcome measures at 3 months and 6 months postintervention. No statistically significant difference was observed in the SF-12 mean outcome scores between the 2 groups at baseline, immediately postintervention, 3 months and 6 months postintervention.
There was no statistically significant difference between the 2 groups in the State-Trait Anxiety Score at baseline, immediately postintervention, 3 and 6 months postintervention, but there was a trend for further decrease in anxiety in the MBSR group. There was no statistically significant difference between the 2 groups in the change of depressive symptoms measured by the CES-D, in the mood (POMS) score, and the number of days of sick leave between the 2 groups at baseline, immediately postintervention and at 3 months and 6 months postintervention. When the results were analyzed per protocol on those who only attended for >50% of the sessions in each group, the results were unchanged.
DISCUSSION
This is one of the few published studies that used a randomized clinical trial design to study the effects of MBSR on chronic pain intensity with a comparative group that simulated a multidisciplinary psycho-education group. This is also a randomized clinical trial that studied the effects of MBSR on chronic pain in a non-White population. Previous studies that showed positive effects of MBSR on chronic pain were conducted mainly using a nonrandomized, preintervention and postintervention design 21, [48] [49] [50] although recently, more randomized controlled or comparative studies have been conducted 33, [51] [52] [53] [54] [55] Recently, Morone et al 33 conducted a randomized, controlled clinical trial on 37 community dwelling older adults aged 65 years and above, to compare the effects of MBSR with a waiting-list control group on chronic pain. They found that those who were in the MBSR group showed significant improvement in the Chronic Pain Acceptance Questionnaire Total Score and the Activities Engagement subscale and the SF-36 Physical Function Scale. As it was a feasibility trial, it was not robust enough to detect any statistical significant difference between the 2 groups in pain intensity and quality-of-life score measured by SF-36 (Global, Physical, and Mental Health Composite), although a trend favoring MBSR was observed. We did not measure pain acceptance, and therefore this aspect of possible effects of MBSR could not be compared. However, we used 3 scales that measured patients' mood symptoms, including POMS, STAI, and CES-D, which were not used in Morone's study and we showed that there was no statistically significant difference between the MBSR and active control groups in these mood symptoms using a larger sample size. For pain intensity and pain-related distress, although each group showed significant improvement, no statistically significant difference was seen between the 2 groups. Moreover, the decrease in pain intensity and pain-related distress was small and inconsistent suggesting that the effects from both interventions were rather weak.
Another recent pilot study was conducted by Kingston et al 36 on 42 university students, to evaluate the effects of mindfulness training on pain tolerance and psychological well-being and acquisition of mindfulness skills. They showed that pain tolerance significantly increased in those assigned to the mindfulness group, as compared with those assigned to the control group. However, their study was small and was conducted on individuals with no history or symptoms of chronic pain, making it hard to generalize to patients with chronic pain.
In the Kingston et al 36 study, twice as many participants in the MBSR group dropped out, as compared with participants in the control group. One of the reasons given for the drop out was that "they had difficulty in understanding the course materials and physical constraint in the posture." As there were explicit verbal and written instructions that they did not need to practice any postures that they were not comfortable with, the reason for dropping out was probably their difficulty in understanding the course materials. This raised the important issue of patient-therapy match, 9 which has been shown to be an important factor in the improvement of psychological symptoms in studies on mindfulness-based cognitive therapy. 30, 31 Some patients with chronic pain may simply find that the practice of paying attention to their body in an accepting and compassionate way, does not make any sense to them. Thus, it is possible that a subset of chronic pain patients who are more accepting of MBSR may still benefit from it. Indeed, researchers 9, 51 have suggested that one possible way to improve treatment efficacy in chronic pain is to better match treatments to patient characteristics, treatment components, and patienttreatment interactions similar to those in psychological research. This is an important issue as a recent study demonstrated that MBSR may be particularly effective in this patient population with chronic pain. 52 Although there was no statistically significant difference in the duration of chronic pain history in both groups at baseline, participants in the MBSR group had a longer duration of chronic pain when compared with that of the MPI group. Thus, inherent differences in patient characteristics could still be present between the 2 groups that might have affected the results and that were not accounted for in this study due to the relatively small sample size in each group.
We excluded patients with a concurrent reported diagnosis of Axis I psychiatric disorder, with the aim to decrease heterogeneity of participants. This limits the general applicability of our results to chronic pain patients with depression (which is quite common in this category of patient).
Our study demonstrated a clear superiority over previous studies in investigating the effects of MBSR on chronic pain. Ours was the only study that used a randomized trial design that could account for the benefits or improvement of pain due to attention received from therapist and group attention. In addition, as we showed that the expectation of treatment effectiveness was similar between the intervention and control group at baseline, we have controlled for differences in health outcomes, attributed to differences in expectation of treatment effectiveness, which could be a potential confounding factors in trials with a waiting-list control. In contrast, the multidisciplinary education program used in this study was constructed, based on the contents of a popular self-help book with its purpose based on controlling, rather than accepting, pain. Improvements observed in pain intensity in both mindfulness and MPI group showed that these nonmindfulness techniques may be beneficial to patients as well.
We used measurements that included a number of outcome measures that were important for patients with chronic pain that included both depressive and anxiety symptoms and quality-of-life measures, which have all been validated locally. Moreover, all these outcome measures were recommended by the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials group 53 as valid outcome measures for studies on chronic pain.
Our randomization procedures were rigorous, which ensured that bias was minimized. Furthermore, our study participant's retention was high and we have analyzed our results using both per protocol and intention-to-treat analysis, which yielded similar results.
Limitations
Our study had several limitations. First, we only followed our participants for a maximum of 6 months postintervention, and thus were unable to demonstrate any potential between group differences in outcome measures beyond 6 months.
Second, for the MBSR group, only a proportion of participants practiced daily mindfulness meditation for the duration recommended by the therapist. As a result, our results might have been affected by the extent of participants' adherence to recommended meditation practice. In addition, due to the number of drop outs, our sample size might not have been large enough to show significant differences in outcome measures between the 2 groups.
Third, we only used self-reported sick leave as a proxy measure for the effects of intervention on disability. As a result, it was subject to recall bias. No objective measures for disability associated with chronic pain were used in our study, as the authors could not find a validated Chinese-version questionnaire on disability associated with chronic pain. Thus, changes in disability in participants, which was an important outcome measure for chronic pain intervention, might not be reflected by our study results. Furthermore, no measurement of pain acceptance was made, which might have been an important outcome measure.
Fourth, the effectiveness of any remedial therapy is highly dependent on the therapist's technique and experience. The importance of therapist effect is a powerful and important influence in psychological treatments, 54 and it is difficult to differentiate therapist from treatment variance in our study. 55 Although both our therapists were experienced health-care workers, they both had limited experience in treating chronic pain. To reduce the effects of therapist variation, we only included 1 main therapist in each group with a well-structured, standardized protocol for intervention.
CONCLUSIONS
This randomized comparative clinical trial showed that both MBSR and a multidisciplinary intervention group improved perceptions of pain intensity and painrelated distress, although there was no statistically significant difference in these attributes between the 2 groups at 6 months after intervention.
